ABSTRACr Serum from bacillus Calmette-Guerin-infected mice injected with endotoxin induces the appearance of surface immunoglobulin, Ia antigen, and complement receptor on the surface of precursor bone-marrow-derived (B) cells. While endotoxin itself causes phenotypic conversion of both thymusderived (T) cells and B cells in vitro, the endotoxin-induced serum factor was found to be a selective inducer of B cell differentiation. Spleen cells rendered immunodeficient by removal of B cells bearing the complement receptor regained the capacity to cooperate with helper T cells and to produce antibody against red cell antigens in vitro upon addition of the serum factor to the culture medium. Thus, a factor that controls selective phenotypic and functional differentiation of B cells has been identified and can now be characterized.
Lymphocyte differentiation proceeds through a sequence of steps which can be dissected by analyzing the expression of distinctive cell surface components. In the mouse, mature bone-marrow-derived (B) cells have been shown to carry Ig (immunoglobulin) (1, 2), Ia (I-region-controlled antigen) (3), complement receptors (CR) (4), Fc receptors (5) and PC antigens (6) , whereas thymus-derived (T) cells characteristically exhibit Thy-i (thymocyte alloantigen) (7) and Ly antigens (8) (9) (10) and also, where genetically appropriate, TL antigens (11) . Expression of these markers on the surface of defined populations of precursor cells can be induced in vitro in an assay originally described by Komuro and Boyse (12) . A number of agents induce the appearance of both B and T cell markers (13) . Thymopoietin (14) acts more selectively; it induces differentiation of T cells but not of B cells (15) . An agent which induces differentiation of B cells only has yet to be described for the mouse. In chickens, however, a factor isolated from the bursa by Brand et al. behaves like a selective B cell inducer (16) .
We have reported recently that an endotoxin-induced serum factor in the mouse can replace helper T cells in the immune response to sheep erythrocytes (SRBC) in vitro (17) . The factor is found in the serum of bacillus Calmette-Guerin (BCG)-infected mice injected with endotoxin (18); serum from normal mice, BCG-infected mice, or from normal mice injected with endotoxin is inactive. Interest in the properties of this serum was stimulated by our finding that it causes acute necrosis of a variety of transplanted tumors in the mouse (18) . For protein with a molecular weight of approximately 150,000 (19) .
We have now found that TNS induces structural and functional changes of B cells in vitro but does not induce differentiation of prothymocytes under conditions where thymopoietin is active.
MATERIALS AND METHODS
Mice. (C57BL/6 X A)F1 mice from our colony and (C57BL/6 X DBA/2)F1 (BDF1) female mice from Jackson Laboratory, Bar Harbor, Maine, were used. All mice were 3-4 weeks of age at the time of study.
Antisera-Anti-Iak. A.TH mice were immunized with lymphoid tissues of A.TL mice. Hyperimmune serum was absorbed with (C57BL/6 X A)F1 thymus cells (13) .
Anti-Ig. Antisera to myeloma MOPC 104 E or to F(ab)2 fragments of myeloma MOPC 21 were raised in rabbits. Antibodies were isolated by absorption on IgM or IgG/F(ab)2 immunadsorbants and subsequent acid elution (13) .
Anti-Thy-1.2. (A/Thy-i.1 X AKR/H-2b)Fl mice were immunized with the A strain leukemia ASLI (13) .
Anti-SRBC. The 19S fraction of rabbit antiserum to SRBC was obtained from Cordis Laboratories (Miami, Fla.).
Induction Assays. These were performed, as described, for the following surface markers: Thy-1.2 (12) , Ig (20) , immune response associated antigen (Ia) (13) , and CR (13) .
Inducing Agents. Escherichia coli lipopolysaccharide (LPS) was provided by C. Galanos (Freiburg, Germany); calf-thymopoietin and synthetic thymopoietin by G. Goldstein of this Institute. TNS (4) . Assays of Functional Activity. The culture system described by Mishell and Dutton was used (22) .
Preparation of Columns. Sephadex G-10 columns were prepared as described by Ly and Mishell (23) for the removal of macrophages from mouse spleen cells. One volume of Sephadex G-10 was washed five times in five volumes of distilled water and twice in saline. Aliquots (30 ml) of Sephadex G-10 in saline were autoclaved at 1100 for 30 min and stored at room temperature. Columns were prepared by loading sterile 10 ml plastic syringe barrels with 8 CR+ cells and macrophages were eliminated from suspensions of spleen cells by passage through Sephadex G-10 columns coated with antigen/antibody/complement complexes (24) . Control cells were passed through uncoated Sephadex G-10 columns (which remove only macrophages) (23) . The cells (5 X 106 per ml) were then cultured as described by Mishell and Dutton (22) except that the medium was supplemented with 2-mercaptoethanol to compensate for the lack of macrophages (27) . Antibody production to SRBC by CR+ and CR-spleen cells was assayed under four conditions (Fig. 2) : (i) no addition, (ii) TNS added, (iii) endotoxin added, and (iv) endotoxin and normal mouse serum added. As expected, CR+ spleen cells produced antibody but CR-spleen cells did not. Addition of TNS enabled CR-spleen cells to produce antibody (and increased antibody production by CR+ spleen cells). Addition of LPS had the same effect on CR-spleen cells, but suppressed antibody production by CR+ spleen cells (28) . This inhibitory effect of endotoxin was reversed by adding normal mouse serum to the cultures. (29) . As shown in Fig. 4 (17) .] As it has been shown that CR-spleen cells are deficient in their capacity to cooperate with helper T cells (24) , the results are consistent with the suggestion that the TNSinduced differentiation of CR-CR+ cells is the basis for the observed change in functional capacity.
DISCUSSION
Cell surface markers characteristic for B lymphocytes and T lymphocytes can be induced in precursor cells by a variety of agents (13, 15) . A feature shared by all such agents is that they raise intracellular levels of cyclic AMP, and an increased ratio of cyclic AMP/cyclic GMP has been considered a signal of induction (30) . To (24) . This points to the activated macrophage as a possible source of the active factor in TNS, and proliferation and activation of macrophages is in fact the most striking phenomenon during the priming phase for TNS-production (18) . Some effects of TNF, on the other hand, mimic effects of factors assumed to be T cell-derived (M. K. Hoffmann and U. Hammerling, unpublished observations). Current attempts to determine the cellular source of the factors that have now been defined in TNS, including (i) the B cell-inducing factor, (ii) the T cell helper factor, (iii) tumor necrosis factor (TNF), and (iv) the cytotoxic factor for tumor cells in vitro, and to ascertain whether these functional activities reside in a single molecule by chromatographic separation and other procedures have not succeeded.
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